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ABSTRACT OF THE DISCLOSURE 

The invention relates to a method for killing insects on a surface, which 
comprises treating the surface with a diatomaceous earth powder, and heating the 
treated surface to a temperature of at least 35° C for a period long enough to kill 
such insects. 
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HEAT TREATMENT FOR INSECT CONTROL 

This invention relates to the control of insects by heat treatment. 
Background of the Invention 

It is known to control insect populations in grain and other cereal storage facilities by 
the application of heat Thus, one method of insect control in such facilities is to heat 
the entire facility to a temperature which, if continued for sufficient time, kills the 
insect pests. Thus, heating the facility to, for example 50 degrees C for a period of 
24 -48 hours, can be effective in some facilities. If done regularly, this leads to a 
reduction in the number of cereal feeding insects. However, heat treatment is not 
widely used as an insect control measure, because of the cost of heating large 
structures such as a flour mill or grain sflo, the need for relatively frequent treatment 
(often more frequent than would be required with chemical pesticides) and concern 
about heat damage to buildings and facilities. Heat treatment would therefore be 
much more attractive economically if good results in killing insects could be obtained 
with a shorter period of heat application and a lower temperature. 

Diatomaceous earth (the name is frequently shortened to °DE") is a geological 
deposit made up of the fossilized skeletons of diatoms, which are unicellular algae 
that live in seas, lakes, streams, and ponds. Diatoms get their unique shape by 
absorbing dissolved silica which is then converted into highly ordered shells, When 
these microscopic plants die, they settle to the bottom of lakes and seas and can 
form thick layers of nearly pure silicon dioxide. With time and pressure these layers 
are compressed into the deposits that are known as diatomaceous earth. 

DE has been used to control stored-product pests for centuries. Before 
diatomaceous earth can be used as an insecticide, deposits must be dried and 
milled to separate individual diatoms which are between 1 to about 100 microns in 
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diameter. The fossilized diatoms are amorphous silicon dioxide which is nontoxic to 
mammals, and which is registered as a food additive in Canada, USA and in many 
5 other countries. 

There are a number of diatomaceous earth insecticides on the market in Canada 
and United States, and some have been used as grain protectants. However, 
diatomaceous earth insecticides have had limited use, in part because of the 
10 widespread use of effective chemical insecticides such as methyl bromide, 

Malathion™, chlorpyrifos-methyl, phosphine and methyl bromide. In addition, some 
diatomaceous earth formulations have required very high concentrations, which 
were not acceptable to the grain industry, and some were not always effective. 

15 A particularly desirable diatomaceous earth product is marketed under the name 

Protect-it™ by Hedley Technologies Inc. of Vancouver B.C. This product is a major 
proportion of diatomaceous earth, with a lesser proportion of precipitated silica or 
silica aerogel. It is sold commercially as a mixture of DE and 10% silica aerogel, and 
the manufacturer's recommendations are to apply it for insect control as a dry 

20 powder at 5 gm/m* . As discussed in Canadian Patent Application 2149164, filed 
May 1 1 , 1995), it exhibits good ftowability, less clumping and caking than normal 
diatomaceous earth, and excellent efficacrty against insects. 

Brief Description of the Invention 

25 

It has now been found that heat treatment can be made more effective than 
previously, and can be run for shorter periods and at lower temperatures than 
previously to give effective results, if a a diatomaceous earth coating is applied to 
the areas to be heat treated, prior to such treatment. The diatomaceous earth 
30 remains in place during the heat treatment, and acts synergistly with the heat 
treatment to kill insects. 
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Detailed Description of the Invention 

5 Tests were carried out in a commercial oat mil in Peterborough, Ontario, Canada. 
The mill was equipped with heaters, and had a history of heat treating its premises 
four times a year to control insects. The standard heat treatment in that mill was by 
raising air temperature to 50 degrees C for a period of at least 24 hours. 

10 The test was carried out by heating some areas within the mill buildings, and not 
other areas. The "untreated" areas were maintained at normal mill operating 
temperatures (floor temperatures of 16.9° to 23.7° C, depending on the area.) The 
heated areas were heated to an air temperature of at least 50°C. Floor 
temperatures were recorded while heating occurred. Typically, floor temperatures 

15 did not reach 50 °C during the test 

The DE product used for the test was Protect-it™ Obtained from Hedley 
Technologies Inc. This was a mixture of 90% by weight DE and 10% by weight silica 
aerogel, and the particular batch used had less than 1% by weight of crystalline 
20 silica. 

The species of insect used in the test was the confused flour beetle (Tribolium 
confusum Jacquelin du Val) because it cannot fly and is the main insect pest of food 
processing facilities. A flying pest could not be used in the commercial trial since the 
25 pests were placed in an open ring. Tribolium species are also good test insects as 
they are very tolerant to diatomaceous earth. Adult insects were placed in vials with 
10 g. flour two days before the test, and were transported to the test site in such 
vials. They were sieved out of the flour and placed in the rings used for test 
purposes (which rings are described below) at the start of the test. 



30 



CA 02205673 1997-05-16 



- page 4 - 

The test was designed to examine the effects of DE , heat the combination of DE 
and heat and different application methods. To do this, four treatments were used: 

1. Heat alone 

2. Protect-lt™ DE product alone 

3. Heat with Protect-lt™ DE product 

4. No heat or Protect-tt™ DE product 

Three areas were selected for testing; oat mill (basement of building, heat-treated), 
hallway , not heat-treated) and equipment storage and cardboard compacting area 
(basement, not heat-treated). 

Different test sites within the selected areas in the oat mill were treated with 
Protect-lt using four methods of application to 
the floor 

1 . As a dry powder with a power sprayer (Power Duster Model # 2250, B. 
and G. Equipment, PO Box 130, Applebutter tane, Plumstead Ville, PA, 
USA). 

2. As a dry powder using a hand duster (Dustin-Miser, R.J. Win more 
Inc., PO. Box 1765, Sioux Falls, SD, 57101, USA). 

3. As a 20% aqueous solution using a hand sprayer (Spray Doc, Gitmor 
Group, Mississauga, ON, L5S 1P7, fitted with a Teejet 1 1002vs spray nozzle. 
This gave a flat fan spray with 70 ml/10 s). 

4. Distributed in measured amounts (1, 3, 7 g/m2) into rings. 

Where equipment was used to apply the Protect-lt™, it was operated by a 
technician trained in the use of the application equipment. Where the Protect-lt™ 
was distributed in measured amounts into the rings, the participants evenly 
distributed it with a small brush. 
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Each treated area was in a separate part of the oat mill basement, with about 1X2 
5 metres being treated. The test was carried out after a routine mill clean-up, as is 
normally carried out before the mBTs routine heat treatment Sections in each 
treated area were covered with plastic sheeting to prevent Protect-lt™ from being 
applied to areas that were to serve as untreated sections. 

10 To estimate the amount of Protect-lt™ applied, plastic plates (10 cm x 10 cm, area 
= 0.01 m2 ) were prewetghed with a Zip-Lock™ plastic bag and double backed 
tape, placed in areas before spraying, collected immediately after application, placed 
in plastic bags and reweighed. There were 3 plastic plates/treatment site. 

15 To allow insects to be exposed to the heat treatment with space to move and yet 
prevent their escape into the food processing facility, they were placed in ABS 
plastic rings (15 cm diameter, 2 cm high, area of 0.018 m2 ). The rings were coated 
with liquid polytetrafluoroethylene (Teflon /Fluon™) to prevent insects from climbing 
out The rings were set down on the floor and sealed along the outside edge using 

20 plasticine to prevent insects from escaping via cracks between the ring and the floor. 

There were 3 rings for each treatment. Within a treatment rings were about 5 cm 
apart 

25 

Floor temperatures were taken in both treated and untreated sections (Fig. 1-3). 
Temperatures in the heated area were taken every minute and averaged and 
recorded every 10 minutes using a data logger. Air temperatures were also 
measured as usual by employees of the mill. These air temperatures were taken 
30 hourly at eye level in the four corners of each floor using a digital thermometer. 
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Results 

5 Temperature and Relative Humidity - Air temperatures as measured by the data 
logger were 

above 50 C by two hours after the start of the test. Air temperatures measured by 
mill 

employees in the four comers of the basement were all greater than 50 C by 7 
1 0 hours after the test commenced. 

Some fans on the unit heaters were turned off to prevent overheating. One set of 
rings, those set up beside the outside door, was in the airflow of one of the unit 
heaters. When this fan was turned off, the temperature in these rings and those on 
15 the closest window declined sharply. Floor temperatures in unheated areas were 
16.9-17.1 C for the power dusted area and 20.4-23.7 C for the hand dusted and 
sprayed areas. 

Relativity humidity started at 19% and declined to 5% in the heated basement. It 
20 remained constant in the unheated basement (power dusted) at 14% and ranged 
between 15 and 12% RH in the other unheated areas (sprayed, hand dusted and 
measured amounts). There was no attempt to calibrate the three different 
instruments used to measure relative humidity. Accuracy for these instruments is 
±5% RH. Relative humidity is generally low in milling facilities, and this test was 
25 carried out during the winter weather. 

Application Rates- Using an electrically-powered duster to apply the Protect It™ 
gave a fine, even application of approximately 1-2 g/m2 (Table 2). Using a 
hand-powered duster gave heavier application rates, approximately 4 g/m2, with 
30 uneven coverage. Water spray application left visible residues and gave 4-8 g/m2. 
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Insects - Three ways were used to measure the effectiveness of control of the 
combination method: 

5 

- temperature at time of death, 

- duration of survival during treatment, 

- survival at the end of treatment 

10 For the first two measures, the durations and temperatures for the first, median 
(50%) 

and fast insect to die are reported. All insects in the heated area that were treated 
with Protect-K™ died before the end of the treatment There was some survival of 
insects in some of the heated areas that were not treated with Protect-lt™ (See 
15 table 4 below.). 

Results are summarized in the following tables: 



Table I The rates of application of Prutect-It™ using various methods of application. 



25 



Application 
Method 


Area 


Change in Weight 2 (g/m*)=SEM 


Significant 




D&Treated 


Untreated 


Differences 1 


Power Duster 


Heated 
Unhealed 


1.4db03 


-0-2*13 
0.1*0.3 


JOS 


Hand Duster 


Heated 
Unhealed 


3.7±0.9 
4.0*0.8 


].3±0.6 
0.0±0.6 


* 

** 


Hand Sprayer 


Heated 
Unhealed 


8.6±1.8 
3.&t03 


0.0*0.4 
-0.6±0.3 


++ 
** 



30 1. One-tailed t-test, ns= no significant difference, • « p< 0.05, p<0-01 

2. Negative values are probably due to errors in nieasnring initial weight 
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Table 2 The survival (%) of insects after heat treataaent was complex, 



/ippucanon 
Method 


Area 


Survival (%)dbSEM 


Significant 




Dc-lreated 


untreated 


Differences 1 


Power Duster 


Heated 
Unheatari 


0±0 
100±0 


9±4 
100±0 


♦ 

PS 


Hand Duster 


Heated 
Unhealed 


OtfcO 
9±6 


OtfcO 
9ftfcl 


ns 


nana, oprayer 


Heated 
Unhealed 


0±0 
100±0 


OtO 
100±0 


ns 
n$ 


Measured 
Windows 


Heated 


0±0 




ns 


Measured 
3g/m 2 
Doors 


Heated 


ObbO 


17=15 


ns 


Measured 
lg/m 2 
Floor 


Heated 
Unhealed 


OtfcO 
lfelO 


15±4 
100±0 




Measured 
3gAn J 
Floor 


Heated 
Unhealed 


&fc0 
OtfcO 


15±4 
10(W) 


* 

** 


Measured 
7g/m 2 
Floor 


Heated 
Unhealed 


OtfcO 
0±0 


15±4 
100*0 


* 



t. One-tailed t-test, ns= no significant difference, * =p< 0.05, *+= p<0.0l 
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Table 3 The duration of survival in heated and unhcated areas, with and without Protect- 
It™ 



Application 
Method 


Area 


Time of 


Duration <h)±SEM 


Significant 




Death 


DB-Treated 


Untreated 


Differences 1 






First 






** 






Median 


17±1 




** 


Power Duster — 




Last 


22±1 










First 


© 








T Trifti AOti 


Median 
Last 


® 


© 








First 


ZfctU 


1 0_i_0 


+* 




Heated 


Median 


lftti 


30±1 


** 


Hand Duster 




Last 


14±1 


38±4 


++ 




Unhcated 


First 
Median 
Last 


7±2 
18±2 

© 


© 
© 








Fist 


11±3 


15±2 


ns 




Heated 


Median 


21±2 


27±03 


■» 


Hand Sprayer — 




Last 


28±3 


32±1 


ns 






First 


© 


© 






Unhealed 


Median 


® 


© 




*■ 




Last 


© 


© 





1 . One-tailed t-test, ns= no significant difference, * =p< 0.05, **= p<0.01 
© Not achieved during hear treatment 
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Table 4 The duration of survival in heated and unhealed areas, with and without Protect- 
It™. 







Am* 


Time of Death 




»3EM 












D&Ticsfiedl 


Ctem* 




Measured 
Attuuats 






rim 


9*03 


21x2 








Bated 


Lost 


ts*i 

12*2 


35* 




Measured 
Amounts 
3eW 






Flat 
MaXiifl 
Last 


fee 

LfcfcO 


22*0 

32*3 

6 


*• 


Mowed 
Ataouno 




IMJUU 


Pint 


3 


fi 


• 


Dow 




(in dBtctpodi 


Mcdfeo * 

Las 


$ 
6 


as 

10 


- 


Kfes3U»*4 






fint 


9*0.3 


20*3 




Amounts 




Head 


Mdira 


14±0J 


3&2 


** 








Ust 


21*1 


© 




Floor 






fttit 


12^2 




" 








Medioo 


29±3 




- 








Ust 


<S) 


9 










Fim 


6*1 




• 


Measured 
Amount* 






McdlM 


9MU 


3«*2 




3^ 
Floor 






Ust 


IStl 








UftcHbd 


Fim 

Last 


11*1 
27-2 


9 

e 

0 




Nfresured 






FifSt 


5*0.3 


20*3 


• 


Aowttots 






Molin 


9*1 


30*2 


•* 


7^ 






Lssx 




» 




Floor 




Unfactled 


FitXl 
Medm* 


15*0.5 


© 










Ust 


23*5 


e 





1. One-taikd t-test ns= no significant diference, * =p<0.05, **=p<0.01 
© Not achieved during heat treatment 
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Table 5 The temperature ai difierent levels of mortality in healed areas, with and 
without Protect-It™. 



AypBuiticn Acts TuneofDeath 














Vfc* 




43*fc0.7 


** 




40fl*ftf 
42*106 


46u*ft5 
8 


. 


Fte 


40UO*JLD 


4X4*0.7 


PS 


ftaadSjwyer Kml ftfcrfm 




43tS*K7 


V 


Lib 


4S.4±IJ 


46,5*0.4 


OS 


Ass 


35.U03 


4 J 4*0,4 


*» 


ffcodltater Heated MkB»b 




44*4±U4 


*» 


Last 


4a7x0;6 


46J±03 




Meowed Kec 






• 




37.5*05 








413*1,7 


t9 








CL7*0 




Je^* Beared ftfafim 


37Jbj.l 


«7.4J<U 


•* 


U* 


Aft *%^_f\ C 






Mcawfcd Hailed Pit* 
Annate 


454 




• 


Door rflmcdatr) 


4SJ 
499 


51^ 
9 


mm 


,.. T[|a|||T Hot 


X7.5±Ot4 


4L4tsO^ 






39jfe4U 


I4.M0L* 






41.ft*0J 






Km 

Mraiivtd 


35.7*0.4 






AmBiaaa Heated 

rIOBr 




4*4*0.4 

® 




Unsoxd F&SC 




41.44L9 


*• 


Amcub He***) 
7*fa* 




44vtt&4 


•* 


Floor 




9 





I. One-tailed t-test, ny= no significant difierence, • = p< 0.05, pO.Ol 
©Not achieved during heat treatment 
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Conclusions about Effectiveness and Synergistic Effect of the Combination 
Treatment 

5 

1 . In the heated area, dry application of Protect-lt gave 1 00% mortality of the 
confused flour beetle adults after 13-22 hours and 41 C compared to untreated 
insects that required 32-38 hours and 46-47 C. In several sections of the floor, heat 
alone did not provide complete control, but heat and Protect-it™ did. 

10 

2. Using an electrically-powered duster to apply the Protect-lt™ resulted in a fine, 
even application of approximately 1-2 g/m. This method places considerable dust in 
the air and requires the use of dust masks and eye goggles. Using a hand-powered 

15 duster gave heavier application rates of approximately 4 g/m, with uneven coverage. 
Water spray application left visible residues and caused little to no increase in insect 
mortality. 

The foregoing has shown that the application of DE as a dry dust (but not as a water 
20 spray) enhances the effect of heat treatment of grain facilities to kill insects. 
Generally, such powder will be applied according to the manufacturer's 
recommendations as to coverage, although any amount, even amounts below the 
recommended coverage levels, will be of some use. 

25 While it is preferred to use an enhanced DE such as Protect-it™, which has added 
silica aerogel, beneficial results are also available with DE products having no such 
additive. 

It is understood that the foregoing describes specific embodiments of the invention, 
30 and that modifications will be apparent to those skilled in the art in the light of the 

foregoing description. Accordingly, the invention is not limited to such embodiments, 
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but includes all modifications and variations which fall within the spirt and scope of 
the appended claims. 
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THE CLAIMS: 

1 . A method for killing insects on a surface, which comprises treating the 
surface with a diatomaceous earth powder, and heating the treated surface to a 
temperature of at least 35° C for a period long enough to kill such insects. 

2. A method as claimed in claim 1 , in which the surface is located in a cereal 
treating facility. 

3. A method as claimed in claim 2, in which the temperature is at least 40°C. 

4. A method as claimed in claim 3, in which the period is at least 3 hours. 

5. A method as claimed in claim 3, in which the period is at least 10 hours. 

6. A method as claimed in claim 3 in which the period is at least 15 hours. 

7. A method as claimed in any of claims 1-6, in which the diatomaceous earth 
powder is a dry free-flowing powder. 

8. A method as claimed in any of claims 1 -7 in which the diatomaceous earth is 
admixed with from 5% to 35% by weight of silica. 

9. A method as claimed in any of claims 1-7 in which the diatomaceous earth is 
admixed with from 5% to 35% by weight of silica, in the form of silica gel or 
precipitated silica. 

10. A method as claimed in any of claims 1 -7 in which the diatomaceous earth is 
admixed with about 10% by weight of silica in the form of silica gel. 
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Tests were carried out in a commercial oat mill against Tribolium 
confusum 

(confused flour beetle) and four treatments were used: 

(1) heat alone; 

Protect-It ( diatomaceous earth ; RTM) alone; 

(2) heat + Protect-It 

(3) no treatment. 

In the heated area, dry application of Protect-It gave 100 % 
mortality of the 

beetles after 13-22 hours at 41 deg. C, while areas with no Protect- 
It applied 

required 32-38 hours at 46-47 deg. C. 

ADVANTAGE - The combination of the diatomaceous earth and heat is 
synergistic . 
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